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Supplementary Figures and Text:
Figure S1: Photoluminescence wavelength response of DNA-nanotube complexes to low density lipoprotein (LDL). Response of nanotube emission to 0.5 mg/mL LDL in solution after an18 hour incubation time. (8, 6 ) chirality from ss(GT) 6 -SWCNT complexes. a) Absorbance spectrum of unsorted ss(GT) 6 -SWCNT (HiPco) complexes. b) Absorbance spectra of eluted fractions of ss(GT) 6 -SWCNT complexes after passing through an anion exchange column.
Figure S3
: Two-dimensional photoluminescence excitation/emission contour maps (PL plots) of unsorted and ion exchange-purified ss(GT) 6 -SWCNT complexes in solution. a) PL plot of unsorted HiPco carbon nanotubes dispersed using a DNA oligonucleotide with the sequence ss(GT) 6 . b) PL plot of ss(GT) 6 -(8,6) nanotube complexes purified by ion exchange chromatography (IEX). Figure S4 : Specificity of the ss(GT) 6 -(8,6) optical response to lipids. Nanotube emission center wavelength in solution at saturating concentrations of BSA (40 mg/mL), cholesterol-PEG (30 mg/mL), salmon testes dsDNA (2 mg/mL), and carboxymethyl cellulose (CMC, 10 mg/mL) at both (a) 2 and (b) 24 hours after addition. All error bars represent standard deviation from n = 3 technical replicates. 
Molecular dynamics simulations
All-atom replica exchange molecular dynamics (REMD) simulations [1] [2] [3] were performed to understand the interactions between a carbon nanotube, single-stranded DNA, cholesterol, and sphingomyelin. Four strands of ss(GT) 6 DNA were placed in a desorbed state in the vicinity of a 7.527 nm long SWCNT with an (8,6) chirality. The DNA and SWCNT were solvated in a 5 x 5 x 7.527 nm water-box containing approximately 5,000 TIP3P model 4 water molecules and sodium counter-ions, placed randomly, to balance the negative charges from phosphates on DNA ( Figure  S7a , b). The total system was ~18,000 atoms. The SWCNT extended to the edge of the water box. The SWCNT atoms were modeled as sp 2 hybridized carbon. All structures were visualized in VMD. 5 To run the REMD simulations, the Gromacs 4.6.7 simulation package was used with the Charmm36 force field. Long-range electrostatics were calculated using the particle mesh Ewald method with a 0.9 nm real space cutoff. For van der Waals interactions, a cutoff value of 1.2 nm was used. The DNA-SWCNT configuration was energy minimized and subjected to 100 ps equilibration (NVT) at 300 K. Forty replicas were created with temperatures ranging from 300 K to 585 K. Temperature intervals increased with absolute temperature to maintain uniform exchange probability. The 40 replicas were run in parallel for 125 ns of NVT production. Exchange between adjacent temperature replicas was attempted every 2 ps and the temperature list was optimized to ensure that the acceptance ratio remained at least 20%. The time step of the simulation was 2 fs. The trajectories were saved every 10 ps, yielding a total of 12,500 snapshots for production analysis. For clustering, solvent accessibility, water density, and hydrogen bonding analysis, the 300 K trajectory was used.
Twelve molecules of cholesterol or six molecules of sphingomyelin were evenly distributed in the water-box of the top equilibrium cluster of the ss(GT) 6 + (8,6) configuration ( Figure S7c ). This configuration served at the initial configuration for the combination simulation (DNA + cholesterol). The system was again energy-minimized, heated to 100 ps (NVT), and replicated in temperature space. The configuration was then run for 200 ns of NVT production. Again, the 300 K trajectory was used for subsequent analysis. Clustering of the REMD trajectory is useful to determine the underlying equilibrium structures in the simulated configuration. Here, we used a native Gromacs clustering function (g_cluster) with a root mean square deviation (RMSD) cutoff of 0.8 nm based upon the positions of the DNA backbone atoms. The top cluster from the 12,500 available snapshots ( Figure S8a ) represented 8.1% of the total 300 K trajectory. We found significant inter-strand and intra-strand DNA interactions in the top cluster. In agreement with previous studies, 1,2 the DNA remained bound to the SWCNT throughout the duration of the simulation. To probe the behavior of any single strand of DNA, clustering was performed using the atom positions of a single strand of DNA ( Figure S8b ). This structure represented a significantly higher portion of the trajectory, indicating that any single strand preferentially adopted a left-handed helical wrapping around the nanotube.
The solvent accessibility was analyzed using the Gromacs function 'g_sas'. In the ss(GT) 6 + (8,6) configuration, it was clear that the DNA evolved to wrap the SWCNT, from its initially unbound state, and shield the SWCNT from solvent (water or sodium) molecules ( Figure S7c ).
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The addition of the cholesterol molecules in the subsequent simulation further decreased the solvent accessibility to the SWCNT surface. Although the solvent accessibility to surface molecules decreased, there was a large change in water density. This reflects the hydrophobic nature of cholesterol-water interface rather than steric constraint. This data is in agreement with a decrease in water density found near the surface of the SWCNT in the ss(GT) 6 + cholesterol or sphingomyelin + (8,6) configuration (Figure 1d, e) .
Hydrogen bonding analysis was performed using the Gromacs function 'g_hbond'. In the ss(GT) 6 + (8,6) configuration, there was a significant increase in the number of DNA-DNA hydrogen bonds as the DNA adsorbed onto the SWCNT and adopted an equilibrium arrangement ( Figure S8d ). It was clear that between 0-50 ns of REMD time, the number of hydrogen bonds was still increasing to its equilibrium value of 32.6 ± 5.2, and could be discarded as initial equilibration data. When cholesterol was introduced to the ss(GT) 6 + (8,6) configuration, there was an evolution over a time period of ~125 ns in which the number of DNA-cholesterol hydrogen bonds increased to an average value of 4.2 ± 1.8, while the number of DNA-DNA hydrogen bonds remained relatively unchanged ( Figure S8e ). 6 -nanotube complexes in live cells. Cy3-labeled ss(GT) 6 DNA-nanotube complexes were incubated for 30 minutes with maturing bone marrow-derived cells (after 3 days of CSF-1 treatment). Upon washing away unbound complexes from the solution, the cells were imaged in fresh media. The nIR channel (red) is the broadband 900-1650 nm emission from complexes inside the cells, collected using a 2D nIR InGaAs array camera following 730 nm laser excitation of the sample. The Cy3 channel (green) shows epifluorescence using a standard 120-watt lamp light source, a 545/620 nm filter set (Chroma 41002C), and CCD camera. Micrographs from both images were overlaid onto transmitted light images acquired with the respective cameras. Scale bars are 10 µm and apply to all images from the same channel.
Figure S13: Fluorescence microscopy of DNA-nanotube complexes and Lysotracker in live cells. Cy5-labeled ss(GT) 6 -nanotube complexes (1 mg/L incubated for 30 minutes at 37° C) in RAW 264.7 macrophages stained with Lysotracker Green. The Cy5 emission (red) was imaged using a 620/700 nm (Chroma 49006) filter set and Lysotracker Green emission (green) was imaged using a 545/620 nm filter set (Chroma 41002C). The overlaid channel appears as yellow where signals are colocalized. The background-subtracted images were thresholded using an unbiased method developed by Costes et al., 6 and colocalization was performed on 10 independent fields of view. Scale bar = 10 µm. Assessment of the effects of DNA-SWCNT on endolysosomal integrity U2OS-SRA cells incubated overnight with 10,000 MW dextran labeled with TMR, were then maintained in dextran-free media for 3 hours. Alexa-647 labeled nanotube complexes were then introduced to the cell media for 30 minutes. After washing away free complexes, high magnification confocal microscopy in the live cells was performed and we quantitatively analyzed the intensity distributions of TMR-dextran and Alexa 647-SWCNT in endolysosomal organelles. Histograms of TMR-dextran intensity in cells containing nanotubes and control cells ( Figure S20a ) showed no decrease in the dextran content of lysosomes in the presence of nanotubes. This data suggest that the nanotubes did not induce lysosomal membrane permeabilization, wherein dextran leakage would be evident. 
Effect of DNA-SWCNT on Cellular Cholesterol Storage:
As excess free cholesterol (FC) within cells can result in toxicity, FC is re-esterified into cholesteryl esters (CE) and stored as lipid droplets in the cytoplasm. 7 In the previous experiment 
Effect of DNA-SWCNTs on Low Density Lipoprotein Receptor Expression:
Low-density lipoprotein is processed in the lysosomes via the sequential action of multiple acid hydrolases, including enzymes that digest the protein component of LDL, and lysosomal acid lipase, which hydrolyzes cholesteryl esters into free cholesterol (FC). Subsequently, proteins including Niemann-Pick C 1 and 2 transport the FC out of the lysosome, and the efflux of FC transcriptionally regulates the LDL receptor (LDLr) gene. 8 To test whether our reporter affected the activity of these proteins and thus decreased the free cholesterol efflux from the lysosomes, we performed a western blot for the LDL receptor in cells incubated with the DNA-nanotube complexes (DNA-SWCNT). As a positive control, we treated the cells with U18666A, a small molecule inhibitor of NPC-1, 9 which results in upregulation of the LDL receptor. 10 Western blots ( Figure S25 ) of LDLr in cells treated with DNA-nanotube complexes (DNA-SWCNT) indicate that nanotubes induced no differences in the LDLr expression levels, including at 0.2 mg/L (the working concentration of the reporter in the manuscript Figure S25 ). In contrast, a 3-fold increase in LDLr expression was observed in cells treated with 3 µg/mL U18666A. These data suggest that the LDL hydrolysis and lipoprotein-derived free cholesterol S29 efflux through the lysosome is not measurably perturbed by the presence of the reporter within the lysosomes. 
Detection of endolysosomal lipid accumulation in a non-pathological condition:
As bone marrow derived monocytes differentiate into bone marrow derived macrophages (BMDMs) in the presence of colony stimulating factor 1 (CSF-1), they accumulate LDL derived cholesterol. 11, 12 In order to determine if the developed reporter was capable of detecting nonpathological increases in endolysosomal lipid accumulation, we used the reporter to monitor endolysosomal lipid accumulation during the differentiation process. Bone marrow-derived monocytes, isolated from C57BL/6 mice, were cultured in the presence of CSF-1 for 7 days to induce differentiation into macrophages. 13 The differentiation process was verified by the increase in the fraction of cells expressing the macrophage markers Cd11b and F4/80, and a decrease in the fraction of cells expressing the monocytic/granulocytic marker Gr-1 ( Figure  S37 ,38). 14 Following incubation of the BMDMs with the reporter for 30 minutes, free reporter was rinsed away and the cells were incubated for an additional 6 hours in CSF-1 containing cell culture media. Endolysosomal lipid maps generated from BMDMs after 3 and 5 days of maturation were strikingly different ( Figure S37 ). As seen in the histogram of the mean reporter emission from individual cells, the reporter blue-shifted by approximately 5 nm between day 3 and day 5 of maturation ( Figure S37 ), indicating that accumulation of lipids in the endolysosomal lumen accompanied the macrophage differentiation in this timeframe. We confirmed this finding in 4 separate animals with 10 technical replicates each ( Figure S37 ). Table S1 : Photoluminescence modulation of surface-bound ss(GT) 6 -(8,6) nanotube complexes interrogated with solvents of varying dielectric constants.
